Electron beam temperature, PI (= vl/v), is important to control for the development of high dose flash radiographic bremsstrahlung sources. At high voltage (> 5 MV) increasing electron beam temperature has a serious deleterious effect on dose production. The average and time resolved behavior of beam temperature was measured during radiographic experiments on the HERMES I11 accelerator (10 MV, 50 kA, 70 ns). A linear array of thermoluminescent dosimeters (TLDs) were used to estimate the time integrated average of beam temperature. On and off-axis photoconducting diamond (PCD) detectors were used to measure the time resolved bremsstrahlung dose rate, which is dependent on beam energy and temperature. The beam temperature can be determined by correlating PCD response with accelerator voltage and current and also by analyzing the ratio of PCD amplitudes on and off axis. This ratio is insensitive to voltage and current and thus, is more reliable than utilizing absolute dose rate. The data is unfolded using comparisons with Monte Carlo simulations to obtain absolute beam temperatures. The data taken on HERMES I11 show abrupt increases in midway through the pulse indicating rapid onset of beam instability.
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I. EFFECT OF

ON X-RAY DOSE
The successful application of Inductive Voltage Adders (IVAs) to the development of high dose (= kRad at 1 m) flash x-ray radiography requires the production of high current, high voltage electron beams while maintaining low divergence (low beam temperature) [l] . The effect of beam temperature on dose can be seen in Figure 1 . This graph shows that at 10 MV the on-axis dose is reduced by 60% for an e-beam going from cold to P i = 0.3 (17' divergence). These curves were compiled from several Monte Carlo [2] runs varying the electron beam temperature at 5 and 10 MV. It is, therefore, important to know the beam temperature in experiment in order to compare expected and measured dose, verify physical understanding of the radiographic diode, and examine possible instabilities of which increased PI is a symptom. 
p i MEASUREMENTS ON
HERMES I11
Time integrated and time resolved beam temperatures were measured on radiographic source experiments on the HERMES I11 accelerator (10 MV, 50 kA, 70 ns) [3] . The purpose of these experiments was to prove the utility of IVAs as a possible x-ray source driver for DOES future Advanced Hydrotest Facility (AHF). By immersing a small cathode needle (0.5 mm dia) along a strong solenoidal field (up to 50 T) coupled to a tantalum anode (bremsstrahlung converter), a small x-ray spot producing high dose (=lmm and kRad at lm) is believed possible. Beam temperature was determined through analysis of the x-ray output measured by time integrated thermoluminescent detectors (TLDs) and time resolved PCDs [4] .
A. Time Integrated /3_~ Measurements
A spatial array of TLDs was fielded to measure the angular dose profile of the x-ray field. The array consisted of 26 TLDs covering a 21-cm line crossing the radiographic axis and placed 22 c m from the bremsstrahlung converter, thus covering rt25". Figure 2 compares the experimental dose profile for a typical shot, #4693, with profiles predicted by Monte Carlo simulations of the experiment at 10 MV. The profiles indicate a time resolved average beam temperature of slightly more than = 0.2. The curves are not smooth due to occultation by structures in the diode and other surrounding fixtures. The main concern when analyzing this data is that one must assume the beam has a constant energy (1 0 MV in this case), in reality the angular profile changes with electron energy.
Also, this TLD measurement gives no information on how the beam temperature changes during the pulse. It is believed that due to these two reasons, the TLD profile does not exactly match = 0.2 or 0.3 nor can it be matched to an interpolation between the two Monte Carlo calculations which are mono-energetic. ---beta perp = 0.3 
B. Time Dependent P_L Measurements
The x-ray dose rate is dependent on the voltage, current and temperature of the beam. If voltage and current are known then the beam temperature can be determined. Another method used to calculate time dependent p i is through comparison of the dose rate on and off-axis. Inspection of Figure 2 indicates that the ratio of dose (or dose rate) at, for example, 15' to on-axis ( 0 ' ) is expected to be different for p i s of 0.2 or 0.3. In general, at any voltage as increases the ratio of off to on-axis dose approaches one. This is true because as forward energy decreases, the forward peaking of the bremsstrahlung decreases, and the source becomes more and more isotropic. The off-axis point used in this graph is 15". Note that this ratio is not particularly sensitive to voltage in this range. Thus, this method of computing beam temperature is more appealing than that suggested 6y equation 1, since voltage need be known less accurately and current not at all.
Measuring voltage on magnetically insulated transmission lines (MITLs) like HERMES I11 is most easily done through measuring the total and boundary currents and applying the formula:
where V is voltage, Z, is the flow impedance (approximately equal to the vacuum impedance for HERMES I11 in negative polarity), I, is the total (anode) current, and I , , is the boundary (cathode) current [5] .
Determining voltage accurately in this experiment depends on an accurate measurement of currents and is further hampered by an inability to measure boundary current close to the diode. This inability is caused by the need for a plastic flashover switch inserted on the cathode stalk just upstream of the diode to eliminate prepulse. Its presence does not allow diagnostic cables any further downstream. Therefore, diode voltage must be inferred using inductive corrections to voltages calculated upstream of the diode. The pinhole photographs and their timing relative to Figure 5 is shown in Figure 6 . These photos were taken with an electro-optical x-ray camera with a "shutter speed" of 2 ns for each frame. Note that starting with photo 3 taken at 40 ns, the beam begins to blow up and lose its confinement by the magnetic field.
This behavior is indicative of the onset of an enhanced ion-hose instability [ 6 ] , which can arise in these types of M I X driven high current density, magnetically immersed diodes. Suppression of this instability is currently a major focus of this program. Future experimental suppression techniques include using a stepped magnetic field and limiting the ion emission area off the bremsstrahlung converter. The stepped magnetic field consists of a large bore (r = 4.5cm) magnet at 30 T stepping down to a small bore (r = 1.5cm) high field magnet at 50 T. The large bore insulates ions from the magnet wall and the step disperses ions from the converter to reduce electron-ion coupling. In addition, plans are to make the converter small in diameter (1 mm from 20 mm currently) to reduce the total ion current.
Computer simulations predict a substantial reduction in this enhanced ion hose instability using these techniques [61. Figure 6 . X-ray framing camera photographs of the x-ray source. The frames are 7.5 mm x 7.5 mm.
In summary, methods to determine time integrated and time-resolved electron beam temperature have been developed for high voltage radiographic accelerators. These methods rely on Monte Carlo simulations of the experiment to develop models of dose and dose rate as a function of voltage, current, and angle. Rapid increases in beam temperature during the pulse are commonly seen and correspond to degradation of dose rate and beam spot confinement. Onset of an enhanced ion hose instability can explain the results.
